Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) exhibits antitumor activity in various types of tumor cell and tumor-bearing animals. However, acquired TRAIL resistance is a common issue that restricts its clinical application. Previous studies have revealed that β-catenin is associated with TRAIL resistance in melanoma and colorectal tumors. In the present study, an acquired-resistance non-small-cell lung cancer (NSCLC) cell line (H460-TR) was established from parental TRAIL-sensitive H460 cells using a gradient ascent model (8-256 ng/ml TRAIL). Cellular FADD-like interleukin-1β converting enzyme inhibitory protein and Mcl-1 were upregulated and the cell surface distribution of death receptor (DR)4 and DR5 was downregulated in H460-TR cells compared with the parental H460 cells. The results of reverse transcription-quantitative polymerase chain reaction and western blot analysis indicated that H460 cells expressed increased levels of β-catenin and were more sensitive to TRAIL compared with H460-TR cells. β-catenin-knockdown in H460 cells decreased their sensitivity to TRAIL, while upregulation of β-catenin expression in H460-TR cells increased their sensitivity to TRAIL, increased the cell surface distribution of DRs and activated caspase-3/8. Taken together, the results of the present study suggest that β-catenin impairs acquired TRAIL resistance in NSCLC cells by promoting the redistribution of DR4 and DR5 to the cytomembrane, and inducing TRAIL-mediated cell apoptosis via caspase-3/8 activation.
Introduction
Over the past 30 years, lung cancer has had high morbidity and mortality rates worldwide, with 75% of new diagnoses being classified as non-small-cell lung cancer (NSCLC) and advanced tumors at the first visit (1) . Chemotherapy and radiotherapy remain the most common treatment methods for advanced cancer (2) . Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) induces apoptosis in malignant tumors and has little effect on normal cells (3, 4) . Recombinant human TRAIL and its receptor agonists are under investigation as promising therapeutic approaches for the treatment of advanced cancer (5) . There are 4 different transmembrane receptors in the TRAIL receptor/ligand system, including 2 death receptors (DR4 and DR5), 2 decoy receptors (DcR1 and DcR2), and a soluble receptor, furthermore, osteoprotegerin DRs contain a cytoplasmic death domain transducing the apoptosis signalling pathway (6) . Preclinical studies have revealed that recombinant TRAIL and DR agonists inhibit tumor growth in vitro and in vivo without systemic toxicity (7) (8) (9) . A percentage of tumor cells were observed to respond to TRAIL therapy, which is called primary TRAIL resistance, while some tumor cells obtained TRAIL resistance following repeated treatments, called acquired TRAIL resistance (10, 11) . Increasing the existing understanding of the molecular alterations involved in acquired resistance and the cytotoxicity of TRAIL is required to further investigate its therapeutic potential.
A previous study reported that β-catenin and DRs were co-expressed in colonic tumor tissues. DR expression increased during colon carcinoma tumorigenesis, possibly due to upregulation of β-catenin expression (12) . However, the mechanisms by which β-catenin regulates TRAIL resistance remain unclear in NSCLC (13) . It was, therefore, hypothesized that β-catenin enhanced TRAIL sensitivity by regulating the redistribution of DR4 and DR5.
In the present study, a TRAIL-resistant H460-TR cell line was established to investigate the potential effects of β-catenin on DR redistribution and TRAIL sensitivity. Downregulation of β-catenin expression decreased the redistribution of DR4 and DR5 on the cell surface, and was associated with TRAIL resistance. While β-catenin-knockdown in H460 cells decreased their TRAIL sensitivity, upregulation of β-catenin expression in H460-TR cells rescued TRAIL sensitivity, increased DR distribution on the cytomembrane and activated caspase-3/8. β-catenin may be used as a biomarker to predict TRAIL sensitivity in the future. Patients exhibiting high β-catenin expression may benefit more from TRAIL treatment. Furthermore, the Wnt signaling pathway agonist may be used to promote TRAIL sensitivity during chemotherapy.
Materials and methods
Cells. The human NSCLC cell line, NCI-H460, was provided by the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in RPMI-1640 medium supplemented with 10% (v/v) fetal bovine serum (both from HyClone; GE Healthcare Life Sciences, Logan, UT, USA), 100 U/ml penicillin and 100 mg/ml streptomycin at 37˚C in an atmosphere containing 5% CO 2 . The TRAIL-resistant H460-TR cell line was established using a gradient ascent model (8, 16, 32, 64, 128 and 256 ng/ml TRAIL) from parental TRAIL-sensitive H460 cells. Cells were continuously exposed to 50 ng/ml TRAIL to maintain their resistant capability.
Reagents and plasmids. TRAIL was purchased from Shanghai Kaibao Pharmaceutical Co., Ltd. (Shanghai, China). Recombinant Wnt-3A was purchased from Peprotech, Inc. (Rocky Hill, NJ, USA). The pCMV-C-flag-β-catenin (pCMV-β-catenin) overexpression plasmid was constructed and identified in our laboratory, as previously described (14) . β-catenin-silencing plasmids were purchased from Addgene, Inc. (Cambridge, MA, USA; cat. nos. 19761 pLKO.1.puro shRNA.β-catenin.1248 and 18803 pLKO.1.puro shRNA β-catenin). These will be abbreviated as shRNA1 and shRNA2, respectively.
Cell viability assay. Cell viability was assessed by cell counting kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). Cells were seeded in 96-well plates (Corning, Inc., Corning, NY, USA) at a density of 1x10 6 cells/well. When the cells reached 70-80% confluence, the experimental group was treated with the 0, 10, 25, 50, 100 or 200 ng/ml TRAIL for 24 h. The original medium was discarded and replaced with a basal media mixture containing 10% (v/v) CCK-8 for 1 h. The optical density (OD) was measured at 450 nm using a microplate reader (Rayto Life and Analytical Sciences Co., Ltd., Guangming, China). Cell viability was calculated using the following formula: Cell viability (%) = (OD value of the treated wells -OD value of the blank control wells)/(OD value of the negative control wells -OD value of the blank control wells). All assays contained 5 replicates and were repeated 3 times under the same conditions. RNA isolation, reverse transcription and RT-qPCR. Total RNA was extracted from cells with TRIzol (Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer's protocol, and the RNA concentration was detected using a NanoDrop spectrophotometer (Thermo Fisher Scientific, Inc.). Reverse transcription was performed with the SuperScript First-Strand Synthesis system (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The primer sequences were as follows (forward and reverse, respectively): DR4, 5'-AGAGAGAAGTCCCTGCACCA-3' and 5'-GTCACTCCAGGGCGTACAAT-3'; DR5, 5'-CACCAG GTGTGATTCAGGTG-3' and 5'-CCCCACTGTGCTTTGTA CCT-3'; DcR1, 5'-ACCAACGCTTCCAACAA-3' and 5'-AGG GCACCTGCTACACTT-3'; DcR2, 5'-CCTTCTTGCCTGCT ATG-3' and 5'-GTGGTCACTGTCTCCTCC-3'; FADD, 5'-GCGAGTCTGGAAGAATGTCG-3' and 5'-GGCTTGTCA GGGTGTTT-3'; Cellular FADD-like interleukin-1β converting enzyme inhibitory protein (c-FLIP), 5'-GGCTCCCCCTGCAT CACATC-3' and 5'-CGCAGTACACAGGCTCCAGA-3', and GA PDH, 5'-TGGA AGGACTCATGACCACA-3' and 5'-TCAGCTCAGGGATGACCTT-3'. The transcriptional level was determined using a SYBR Premix EX Taq II kit (Takara Bio, Inc., Otsu, Japan) and a CFX96 RT-qPCR detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The thermocycling conditions were as follows: 95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec, then 95˚C for 10 sec and melting curve at 65-95˚C with interval changes of 0.5˚C every 5 sec. The 2 -ΔΔCq method was used to analyze the fold-change in gene expression relative to GAPDH (15) .
Flow cytometry. Cells were digested with EDTA-free trypsin (Corning, Inc.), harvested and washed twice with PBS. For apoptosis assays, cells were treated with an Annexin V-FITC/PI kit (BestBio Ltd., Shanghai, China), according to the manufacturer's protocols. A single-cell suspension was established using 400 µl binding buffer and cells were stained with 5 µl Annexin V-FITC for 30 min followed by staining with 7 µl 20 mg/ml propridium iodide (PI) for 5 min at room temperature. To detect cytomembrane DRs, cells were suspended in 50 µl PBS containing 1% goat serum at room temperature for 30 min. Cells were washed with PBS 3 times and incubated with the primary antibodies presented in Table I overnight at 4˚C. Subsequently, cells were washed 3 times with PBS and incubated with the secondary antibodies presented in Table II at room temperature for 30 min. Cells were then washed with PBS and suspended in 500 µl PBS. Cells were also processed as described but without primary antibody treatment, as a negative control. The samples were analyzed using a flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). All experiments were repeated 3 times.
Immunofluorescence. Cells were fixed with 4% paraformaldehyde (Sangon Biotech Co., Ltd., Shanghai, China) for 30 min and washed 3 times with PBS. Cells were blocked with normal goat serum (MultiSciences Biotech Co., Ltd., Zhejiang, Hangzhou, China) for 30 min at room temperature, and incubated with primary antibodies (Table I) at 4˚C overnight. Following incubation with a FITC/Cy3-conjugated secondary antibody (Table II) for 45 min at room temperature, the cells were washed with PBS and the slides were stained with DAPI (1 µg/ml; 100 µl; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at room temperature for 3 min. Images were captured with a confocal laser scanning microscope (Nikon Corporation, Tokyo, Japan).
β-catenin-knockdown in H460 cells using shRNA lentivirus. The sense sequence of shRNA1 was 5'-GTGCTATCTGTCTGCT CTA-3', and the sense sequence of the negative control (NC) shRNA was 5'-TTCTCCGAACGTGTCACGT-3'. Lentiviral pGMLV was used to construct shRNA1 (cat. no. 19761 pLKO.1.sh.β-catenin.1248). The H460 cells (7x10 5 cells/well) were infected with shRNA1 or NC lentiviruses (8x10 5 particles/well), and screened using 3 mg/ml puromycin (Sangon Biotech Co., Ltd.) for 2 weeks. β-catenin levels were subsequently measured using RT-qPCR and western blot analyses. β-catenin-overexpression in H460-TR cells using plasmid transfection. H460-TR cells were cultured in 6-well plates and transfected with the pCMV-β-catenin plasmid. A total of 5 µl Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) and 10 µg plasmid were added to separate 500-µl aliquots of OptiMEM (Gibco; Thermo Fisher Scientific, Inc.), and incubated at room temperature for 5 min. The diluted plasmid was added to the diluted Lipofectamine ® 2000 at a 1:1 ratio, and the mixture was incubated at room temperature for 20 min. When the cells reached 70-90% confluence, they were incubated with the plasmid mixture for 6 h. RT-qPCR and western blot analyses were performed to measure the transfection efficiency. For the negative control, a pCMV-C-Tag2C-flag plasmid (pCMV) was transfected following the same protocol. The proteins were transferred to polyvinylidene fluoride membranes, which were subsequently probed overnight at 4˚C with the primary antibodies listed in Table I . The membranes were washed 3 times with Tris-buffered saline with Tween and incubated with the appropriate secondary antibodies (Table II) at room temperature for 90 min. Membranes were visualized using an enhanced chemiluminescence kit and exposed using a gel imaging analyzer (both from Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistical analysis. All experiments were repeated 3 times and the results are presented as the mean ± standard deviation. 50% effective concentration (EC 50 ) values were analyzed using GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) with the following equation: Y = minimum dose + maximum dose-minimum dose)/1+10LogEC 50 -X. Differences between 2 groups were analyzed using unpaired Student's t-tests. P<0.05 was considered to indicate a statistically significant difference.
Results
Establishment and identification of the acquired TRAILresistant H460-TR cell line. To explore the molecular mechanism underlying acquired TRAIL-resistance, TRAIL-resistant H460-TR cells were established using H460 cells. No morphological differences were observed between H460-TR and H460 cell lines; both were polygonal, adherent and island-like. When exposed to 80 ng/ml TRAIL for 4 h, the majority of H460 cells presented apoptotic features, while H460-TR cells maintained a typical epithelioid monolayer (Fig. 1A) . The toxicity of TRAIL to H460-TR and H460 cells was assessed using CCK-8 assays and was demonstrated to be dose-dependent. The EC 50 value of TRAIL in H460-TR cells was 201.4 ng/ml, compared with 65.47 ng/ml in H460 cells (Fig. 1B) . Furthermore, the number of Annexin V and TUNEL-positive cells decreased in the H460-TR cell line compared with the parental H460 cell line (Fig. 1C and D) . These results indicate the successful establishment of an acquired TRAIL-resistant cell line.
The extrinsic and intrinsic apoptotic signaling pathways were inhibited in acquired TRAIL-resistant NSCLC cells. The effects of TRAIL on the extrinsic and intrinsic apoptotic signaling pathways in the established TRAIL-resistant H460-TR cells were investigated. No significant difference was observed in the expression of FADD or caspase-8 protein between H460 and H460-TR cells; however, the mRNA and protein expression levels of c-FLIP were increased in the TRAIL-resistant cells ( Fig. 2A and B) . The endogenous anti-apoptotic protein, Mcl-1, was upregulated in H460-TR cells (Fig. 2C ). Furthermore, the expression of cleaved caspase-3/8 was significantly decreased in H460-TR cells following 80 ng/ml TRAIL treatment (Fig. 2D) .
These results indicate that the extrinsic and intrinsic apoptotic signaling pathways are downregulated in cells with acquired TRAIL-resistance compared with cells without.
TRAIL-induced redistribution of DR4 and DR5 to the cytomembrane is inhibited in H460-TR cells. TRAIL-induced
apoptosis was reported to be initiated by TRAIL binding to DRs. The mRNA expression of TRAIL receptors was comparable between TRAIL-sensitive and TRAIL-resistant cell lines prior to TRAIL treatment (Fig. 3A) . The levels of DR4 and DR5 expression in the cytomembrane were increased in H460 cells following TRAIL treatment, whereas no significant difference was observed in H460-TR cells following treatment compared with pre-treatment levels ( Fig. 3B and D) . Furthermore, the expression of DcR1 and DcR2 was not affected by TRAIL treatment in H460 or H460-TR cells (Fig. 3E ). The lack of TRAIL-induced DR redistribution may be a key factor affecting TRAIL sensitivity in H460-TR cells.
β-catenin is relevant to TRAIL sensitivity. To evaluate whether β-catenin is involved in TRAIL resistance, the expression of β-catenin was analysed using RT-qPCR and western blot analysis. β-catenin was expressed in H460 cells at approximately twice the level of that observed in H460-TR cells (P<0.05; Fig. 4A and B) . These results indicate that β-catenin is positively associated with TRAIL sensitivity.
Knockdown of β-catenin reduced drug sensitivity in TRAILsensitive H460 cells. shRNA was used to suppress β-catenin transcription in H460 cells and to investigate its effect on TRAIL sensitivity and caspase activation. β-catenin mRNA expression was reduced following infection with shRNA1 to a greater degree than with shRNA2, therefore, shRNA1 was selected for use in further experiments (Fig. 4C ). Silencing of β-catenin rendered H460 cells less sensitive to TRAIL, as revealed by the results of a CCK-8 assay (Fig. 4D ). Flow cytometry was performed to analyze the apoptosis of H460 cells following treatment with or without 80 ng/ml TRAIL for 8 h.
The results further demonstrated that β-catenin-silencing attenuates the cytotoxicity of TRAIL in H460 cells ( Fig. 4E and F) . The western blotting proteins bands for cleaved-caspase-3/8 were also reduced following β-catenin-silencing (Fig. 4G ). These results indicate that β-catenin-silencing decreases TRAIL-sensitivity by inactivating caspase proteins.
Overexpression of β-catenin enhances drug sensitivity in TRAIL-resistant H460-TR cells.
To further investigate the association between β-catenin expression and TRAIL sensitivity, TRAIL-resistant H460-TR cells were transfected with pCMV-β-catenin, which was successfully constructed in our previous study (14) . Following transfection and puromycin screening, the expression of β-catenin protein was markedly upregulated in H460-TR cells compared with untransfected cells (Fig. 5A) . The cells were next treated with TRAIL for 24 h and the results demonstrated that β-catenin overexpression rendered H460-TR cells more sensitive to TRAIL compared with untransfected cells (Fig. 5B ). Annexin V-FITC/PI staining also indicated that β-catenin overexpression increased the apoptotic rate of H460-TR cells treated with 80 ng/ml TRAIL for 8 h (Fig. 5C and D) compared with untreated cells. As expected, the protein expression bands of cleaved-caspase-3/8 were larger following β-catenin overexpression (Fig. 5E) .
These results indicate that β-catenin overexpression increases TRAIL sensitivity via activating caspase.
β-catenin upregulates DR4 and DR5 in NSCLC cells. To determine the effects of β-catenin on DR4 and DR5 in the context of altered TRAIL sensitivity, the expression of these DRs on the cell membrane was assessed following β-catenin-silencing or overexpression. The expression of DR4 and DR5 mRNA and protein was reduced in TRAIL-sensitive H460 cells following β-catenin downregulation (Fig. 6A and B) . The expression of DR4 and DR5 was increased in TRAIL-resistant H460-TR cells following β-catenin overexpression (Fig. 6C and D) . Flow cytometry confirmed that β-catenin overexpression led to an increase in DR expression in TRAIL-resistant H460-TR cells compared with untransfected cells (Fig. 6E and F) . Caveolin-1 is a marker of lipid rafts. The colocalization of Caveolin-1 and DR4/5 was assessed using immunofluorescence and confocal microscopy. The results suggest that β-catenin enhanced the localization and redistribution of DR4 and DR5 to lipid rafts (Fig. 6G ). This indicates that β-catenin promotes DR translocation to the cell membrane, allowing them to combine more effectively with TRAIL and activate pro-apoptotic caspase proteins, ultimately inducing apoptosis and reversing TRAIL-resistance.
Discussion
TRAIL is able to selectively target and kill tumor cells without causing damage to normal cells (3, 4) . DRs are often located on tumor cells and, upon activation by TRAIL, the oligomerization of DRs recruits the linker molecule, Fas-associated death domain (FADD), and pro-caspase-8, which together comprise the death inducing signaling complex (DISC) (6) . Activated caspase-8 directly induces apoptosis via activating caspase-3, which cleaves a broad range of apoptosis-associated protein substrates and executes the extrinsic apoptosis pathway (16, 17) . In addition, activated caspase-8 truncates BH3 interacting domain death agonist along with the pro-apoptotic proteins, BCL-2 associated X, apoptosis regulator and BCL-2 antagonist/killer. However, the clinical application of TRAIL is limited due to the prevalence of drug resistance (16, 17) . TRAIL-resistance may be intrinsic, occurring at the first exposure to TRAIL, or acquired resistance, developing during treatment (18) . At present, the mechanism of acquired TRAIL resistance remains to be elucidated. TRAIL resistance is caused by various factors, including endoplasmic reticulum stress (19) , protein synthesis disorders (20) , decreased DRs expression (21) and increased anti-apoptotic protein expression (22) . Our results revealed that β-catenin expression is positively associated with TRAIL sensitivity via promoting the cytomembrane redistribution of DR4 and DR5. c-FLIP, which is similar in structure to caspase-8, and competitively binds FADD molecules, thus impeding the cleavage of caspase-8 and subsequent signal transduction in the intrinsic apoptotic signaling pathway (23) . It has previously been demonstrated that TRAIL and a DR5 agonist, AD5-10, cleave c-FLIP in H460 cells (24) . In human renal carcinoma Caki cells, TRAIL has been reported to downregulate c-FLIP expression and induce apoptosis (25) . Mcl-1, an anti-apoptotic protein that belongs to the BCL-2 family, has also been reported to induce TRAIL resistance (26) . TRAIL inhibits Mcl-1 expression via activating the pro-apoptotic activity of p38 in the receptor interacting serine/threonine kinase 1-dependent pathway in H460 cells (27) . It has also been demonstrated that YM155 sensitizes TRAIL-induced apoptosis via cathepsin S-dependent downregulation of Mcl-1 expression, and nuclear factor-κB-mediated downregulation of c-FLIP expression in Caki cells (28) . In the present study, the expression of c-FLIP and Mcl-1 was higher in H460-TR cells compared with H460 cells. These results indicate that the DR-associated apoptotic pathway and the intrinsic apoptotic pathway are responsible for changes in TRAIL-sensitivity.
The binding of TRAIL to its receptors is the first step in TRAIL-induced apoptotic signaling. The cytomembrane expression of DR4 and DR5, rather than the general expression of these DRs, is the main determinant of TRAIL sensitivity (6) . SW480 colon cancer cells are characterized as TRAIL-resistant cells that express high levels of DR4, even though cytomembranal DR4 is undetectable (29) . The present study revealed that baseline DR4 and DR5 expression was not affected by TRAIL-sensitivity. Nevertheless, the redistribution of DR4 and DR5 to the membrane of TRAIL-sensitive H460 cells was increased following TRAIL treatment, while the cytomembranal expression levels of DR4 and DR5 in TRAIL-resistant H460-TR cells were not signifi- cantly altered ( Fig. 3B and D) . A previous study reported that TRAIL-induced DR transportation into lipid rafts in TRAIL-sensitive cells, while redistribution was not observed in TRAIL-resistant cells (30) . As such, the cytomembranal expression levels of DR4 and DR5 after TRAIL treatment is critical for determining TRAIL sensitivity.
Lung cancer comprises a group of molecularly heterogeneous diseases that are characterized by a range of genomic and epigenomic alterations (31) . In ongoing experiments by our research group involving a gene expression profiling chip in TRAIL-sensitive H460 cells, the acquired TRAIL-resistant H460-TR cells and the primary resistant A549 cells have demonstrated that multiple targets and genetic alternations may be associated with the resistance process (unpublished). In further experiments, it was demonstrated that β-catenin was highly expressed in TRAIL-sensitive cells compared with resistant cells. Further investigation of the association between β-catenin and TRAIL sensitivity is required.
In the canonical Wnt pathway, β-catenin accumulates in the cytoplasm upon Wnt stimulation and eventually translocates to the nucleus to act as a transcriptional coactivator (32) . The Wnt/β-catenin signaling pathway participates in cell adhesion, embryonic development and tumorigenesis (33) . β-catenin and DRs are co-expressed in colonic tumor tissues. DR expression gradually increased during colon carcinoma tumorigenesis, possibly due to upregulation of β-catenin expression (12) . In TRAIL-resistant melanoma cells, Wnt-3A was revealed to activate Wnt/β-catenin signaling, promote the expression of the apoptotic molecules, BIM and PUMA, and reduce the expression of the anti-apoptotic protein, Mcl-1, thus increasing sensitivity to TRAIL (34) . It was also demonstrated that Wnt-3A upregulated β-catenin expression and activated caspase-3/8 in H460-TR cells. β-catenin expression was markedly lower in cells with acquired TRAIL resistance compared with TRAIL-sensitive cells, and thus induced sensitivity to TRAIL.
While the present study demonstrated that β-catenin is a critical determinant of acquired TRAIL resistance in NSCLC cells, the exact molecular mechanisms responsible for TRAIL resistance remain unclear. β-catenin-knockdown or overexpression was used to determine whether β-catenin regulates TRAIL-sensitivity via affecting DR4 and DR5 expression. When β-catenin expression was downregulated in H460 cells, DR4 and DR5 expression levels were reduced and resistance to TRAIL increased. These results were consistent with a previous report that downregulation of β-catenin expression in melanoma cells reduced their sensitivity to TRAIL (34) . Accordingly, β-catenin overexpression in H460-TR cells significantly increased DR4 and DR5 expression levels and induced TRAIL-sensitivity. Upregulation of β-catenin using lithium chloride has been reported to sensitize A549 cells to TRAIL (35) . A previous study using APC-null colorectal cancer cells revealed that β-catenin upregulated c-MYC expression, which subsequently downregulated c-FLIP expression to promote TRAIL-induced apoptosis (36) . It has been reported that Wnt/β-catenin signalling induces apoptosis via a caspase-dependent apoptosis mechanism by downregulating expression of Mcl-1 (37) . In the present study, it was revealed that β-catenin expression is positively associated with cytomembranal expression levels of DR4 and DR5, indicating that β-catenin may promote TRAIL-sensitivity by inducing the cytomembranal redistribution of DR4 and DR5. β-catenin forms a complex with E-cadherin. Interestingly, β-catenin, E-cadherin and DR expression has been detected in the lipid rafts of the cell membrane (38, 39) . Altering β-catenin and E-cadherin-mediated intercellular adhesion has been reported to induce epithelial-mesenchymal-transition and thus inhibit apoptosis in tumor cells (40) . It was therefore speculated that the E-cadherin/β-catenin complex enhanced cytomembranal translocation of DR4 and DR5 in β-catenin-overexpressing H460 cells. As β-catenin expression levels decline in TRAIL-resistant cells, the E-cadherin/β-catenin complex may dissociate and the cytomembranal expression levels of DRs and DISC may be attenuated. As such, low β-catenin expression is associated with acquired TRAIL-resistance in NSCLC cells.
In the present study, an acquired TRAIL-resistant lung cancer cell line, H460-TR, was successfully constructed. It was demonstrated that the expression levels of DRs induced by TRAIL on the cell membrane is a key factor affecting acquired TRAIL resistance. TO the best of our knowledge, the present study it the first to indicate that β-catenin promotes DR-translocation to the cell membrane, allowing them to combine with TRAIL more effectively, to activate the downstream family of caspase pro-apoptotic molecules, to induce apoptosis and reverse TRAIL-resistance. In future studies, an in vivo nude mouse recombinant TRAIL xenograft model should be used to validate our in vitro results. The detailed molecular mechanisms by which β-catenin enhances TRAIL sensitivity remain to be elucidated. β-catenin overexpression or induction using Wnt-3A presents a potential therapeutic strategy to enhance TRAIL sensitivity of NSCLC cells.
